Introduction {#sec1}
============

Dentists are potentially exposed to hazardous chemicals and physical and biological agents such as amalgams, anesthetics, noise, vibration, radiation, and viruses.[@bib1], [@bib2], [@bib3], [@bib4], [@bib5] Notably, dentists are at increased risk of exposure to hepatitis B virus and the human immunodeficiency virus (HIV),[@bib6] of which the potential routes of exposure include sharp injuries and body fluid exchange.[@bib7], [@bib8] Furthermore, dentists are subjected to severe stress, burnout, substance abuse, and commit suicide at a higher rate, at least among healthcare professionals.[@bib9], [@bib10], [@bib11]

There are also studies[@bib12], [@bib13] that have reported the increased relative risks of dentists to develop cancers of the brain, lung, and reproductive organs, in addition to increased combined all-cancer mortality. These elevated risks might represent the impact of the potential hazards in the workplace; however, the relationship between the mortality rate of dentists and hazardous agents has not been clearly elaborated. As the risk of death from cancer increases with advanced age, the assessment of true cancer risks requires longer periods of follow-up examinations. In order to improve the validity of the abovementioned studies, additional socioeconomically comparable reference groups should be recruited and the duration of the follow-up examinations must be extended to detect any increase in mortality.

In this study, a cohort was established through the dentist registry file of the Taiwan Dental Association (TDA). Dentists were included who joined the association in 1985 and were followed through 2009. They were compared with internists recruited from the Taiwan Medical Association (TMA) to evaluate survival outcome and to determine if the abovementioned potential exposure to harmful agents leads to premature mortality among dentists.

Participants and methods {#sec2}
========================

The study was approved by the ethical review board of National Taiwan University. The registry file of the TDA provided the basic demographic information of the study cohort, which was initiated in January 1985 and terminated at the end of December 2009. Information included the name, date and place of birth, gender, personal identification (ID) number, enrollment, education, medical specialties, location of practice, vital status, date of death, and date of termination of membership or retirement of each individual. The termination of practice was defined as the end of the study, date of death, or termination of membership. There were 410 participants for whom we were unable to find the date of license acquisition, which were assumed to be July 1 of the year the dentist turned 24 years of age.

The causes of death were obtained from the National Mortality Registry (NMR) at the Department of Health, Taiwan through the ID number of each deceased individual. Twenty-six of the 289 deceased dentists had an unknown cause of death. The all-cause and cause-specific mortality rates of the dentists were compared with those of the reference groups. Person-years and standardized mortality ratios (SMRs) were calculated using the Life Table Analysis System (LTAS.NET), which was first developed by the National Institute for Occupational Safety and Health (NIOSH), and SMRs and 95% confidence intervals (CIs) were calculated using the mortality rates of the 119 underlying causes of death of the general population and internists of Taiwan as the reference group, respectively. In this study, we set the significance level to *p* \< 0.05. While the mortality rates of the general population can be directly retrieved from the vital statistics tables of Taiwan, we recruited similar data on all practicing internists in the TMA. These individuals were followed from 1990--2006 to serve as an alternative reference group.[@bib14]

Cox proportional hazard analysis was conducted to determine the hazard ratios and 95% CIs for the following risk factors: age, gender, specialty, geographic region of practice, age at the beginning of practice, year practice was begun (before or after 1995 when the NHI system was established), and physician-to-population ratio. The physician-to-population ratios were categorized into four levels: \> 1:500, between 1:500 and 1:700, between 1:700 and 1:900, and \< 1:900 ([Table 1](#tbl1){ref-type="table"} ). We applied a stepwise strategy for variable selection using a significance level for entry and significance level to stay that were both set to 0.15. Regression diagnostics were also run, including examination of the proportional hazard assumption, residual analysis, and detection of influential cases, and we also checked for multicollinearity to assure good quality analysis and goodness of fit of the model.Table 1Demographic characteristics of dentists and internists in Taiwan.DentistsInternistsNo. (%)Mean censored age (y)No. (%)Mean censored age (y)Total11,700 (100)44.77 ± 12.0118,664 (100)48.90 ± 15.94  Status Alive11,411 (97.5)44.31 ± 11.4917474 (93.6)44.31 ± 11.49 Deceased289 (2.5)62.81 ± 17.381190 (6.4)71.92 ± 12.70  Sex Male8945 (76.5)46.79 ± 11.8616,693 (89.4)50.16 ± 15.99 Female2755 (23.6)38.19 ± 10.001971 (10.6)38.33 ± 10.78  Age at the beginning of practice (y) \< 3010,640 (90.9)44.01 ± 11.8013533 (72.5)44.05 ± 12.63 30 ≤ age \< 40971 (8.3)51.32 ± 10.653205 (17.3)53.79 ± 14.68 ≥ 4089 (0.8)69.53 ± 13.911926 (10.3)74.92 ± 10.09  Region Northern6224 (53.2)44.36 ± 12.038744 (46.8)48.14 ± 16.03 Central2279 (19.5)45.29 ± 12.123494 (18.7)48.33 ± 15.10 Southern3008 (25.7)44.96 ± 11.915905 (31.6)50.36 ± 16.23 Eastern189 (1.6)48.72 ± 10.87521 (2.8)49.25 ± 15.63  Physician-population ratio ＞1:5005590 (47.8)45.27 ± 12.337796 (41.8)46.83 ± 15.68 1:700 to 1:5001667 (14.2)44.05 ± 11.423313 (17.8)48.58 ± 16.41 1:900 to 1:7001860 (15.9)45.60 ± 12.215995 (32.1)50.48 ± 15.61 ＜1:9002583 (22.1)43.53 ± 11.421560 (8.4)53.98 ± 15.73  Years of practice Before 19957292 (62.3)52.07 ± 8.6212510 (67.0)56.46 ± 13.84 After 19954408 (37.7)32.69 ± 5.126154 (33.0)33.56 ± 5.46

Results {#sec3}
=======

A total of 11,700 dentists with 207,831.11 person-years were accrued until December 31, 2009, when the follow-up examinations were terminated. During this period, 289 members died. By the time of the censored date, December 31, 2006, 18,664 internists with 963,791.51 person-years were included in this study.

The basic demographic data of the study participants are summarized in [Table 1](#tbl1){ref-type="table"}.The gender ratio of the participants was 3.25:1 (male:female), which is lower than that of the internists. More than half (53.2%) of the dentists practiced in the northern region, and 47.8% of the subjects were registered in areas with high physician-to-population ratios. About two-thirds of the subjects initiated their practice before 1995 and over 90% began to practice dentistry before the age of 30.

The observed number of deaths and cause-specific SMRs for dentists are summarized in [Table 2](#tbl2){ref-type="table"} . Nearly all of the SMRs of dentists are \< 0.5 when compared with the general population of Taiwan. The crude death rate of the internists was higher than that of dentists (6.4% vs. 2.5%; [Table 1](#tbl1){ref-type="table"}), but this discrepancy disappeared after adjusting for age, gender, and the calendar year of beginning practice ([Table 2](#tbl2){ref-type="table"}). When we applied a socioeconomically more comparable population---the internists---as a reference group, the overall SMR of the dentists significantly increased (SMR = 1.13; 95% CI = 1.00--1.26) and the SMR of drowning was 6.62 with a 95% CI ranging from 2.15--15.45 ([Table 2](#tbl2){ref-type="table"}). Dentists were also more likely to die from heart diseases (SMR = 1.66; 95% CI = 1.22--2.21). The SMRs of malignant neoplasm and cerebral vascular disease were marginally increased, although they did not reach a statistically significant level. We did not detect any significant increase in the SMRs for suicide, accidents, chronic obstructive pulmonary disease, pneumonia/influenza, HIV-related diseases, or liver cirrhosis.Table 2Observed number of deaths and cause-specific standardized mortality ratios (SMRs) with confidence intervals (CI) for dentists using internists and the general population of Taiwan as reference groups.Reference groupInternistsGeneral populationCauses of deathNo. observedSMR (95% CI)SMR (95% CI)All causes2891.13 (1.00--1.26)0.31 (0.28--0.35)All MN961.16 (0.94--1.41)0.42 (0.34--0.51)MN of digestive organs and peritoneum501.03 (0.77--1.36)0.41 (0.31--0.54)MN of respiratory system201.33 (0.82--2.06)0.56 (0.34--0.86)MN of urinary organs51.63(0.53--3.81)0.99 (0.32--2.31)MN of lymphatic and hematopoietic tissue71.04 (0.42--2.15)0.55 (0.22--1.13)MN of other and unspecified sites81.69 (0.73--3.34)0.69 (0.30--1.37)Cerebrovascular disease261.50 (0.98--2.20)0.35 (0.23--0.52)Heart disease471.66 (1.22--2.21)0.70 (0.51--0.93)Ischemic heart disease281.65 (1.10--2.39)0.90 (0.60--1.30)Conductive disorder11.34 (0.03--7.47)0.25 (0.01--1.41)Hypertension with heart disease610.55 (3.87--22.96)7.05 (2.59--15.35)Diabetes mellitus50.60 (0.19--1.39)0.16 (0.05--0.37)Chronic liver disease91.23 (0.56-- 2.34)0.12 (0.06-- 0.23)Kidney disease30.87 (0.18--2.53)0.23 (0.05--0.67)Pneumonia30.29 (0.06--0.86)0.18 (0.04--0.52)Chronic lung disease42.18 (0.60--5.59)0.39 (0.11--0.99)Transportation injuries130.87 (0.46--1.49)0.15 (0.08--0.25)Fall10.47 (0.01--2.59)0.06 (0.00--0.32)Other injury101.19 (0.57--2.19)0.16 (0.08--0.29)Drowning56.62 (2.15--15.45)0.36 (0.12--0.84)Suicide71.45 (0.58--2.99)0.16 (0.06--0.33)[^1]

To further adjust for other risk factors among dentists and internists, a Cox proportional hazard model was constructed and the results are summarized in [Table 3](#tbl3){ref-type="table"} . Using the internists as the referents, the dentists appeared to show a higher overall hazard ratio of 1.17 (95% CI = 1.01--1.37).Table 3Hazard ratios and confidence intervals (CI) estimated from the Cox regression model of the mortality rates of dentists and internists in Taiwan.CovariateHazard ratio95% CI*p*Age of beginning practice1.121.11--1.13\< 0.0001  SexFemale/Male0.840.62--1.150.2753  SpecialtyDentist/Internists1.171.01--1.370.0405  Region Central/Northern1.120.97--1.300.1355 Southern/Northern1.271.13--1.43\< 0.0001 Eastern/Northern1.481.09--2.000.0120  Physician-population ratio 1:700 to 1:500/＞1:5001.221.04--1.420.0120 1:900 to 1:700/＞1:5001.181.04--1.340.0088 ＜1:900/＞1:5001.100.92--1.310.2988  First year of practiceAfter/before 19953.201.87--5.48\<0.0001

Discussion {#sec4}
==========

To the best of our knowledge, this is the first nationwide study to be performed on the long-term mortality of dentists. The dentists actually demonstrated a significantly lower SMR than the general population after adjusting for age, gender, and time spent practicing. Additionally, the SMR for major causes of mortality were nearly all well below 0.5, as showed in [Table 2](#tbl2){ref-type="table"}. The lower overall mortality rate of Taiwanese dentists in comparison with the general population may be partially attributed to the healthy worker effect (HWE) phenomenon, which is the tendency of the actively employed to live longer than the population at large. HWE has been reported to reduce the association between exposure and clinical outcome by a magnitude of 20--30%.[@bib15], [@bib16] In our study, the SMRs for mortality among Taiwanese dentists were \< 0.5, which might imply a continued accumulation of professional knowledge, similar to Taiwanese physicians.

However, a misleading conclusion might have been generated by using the general population as the reference group because of the higher socioeconomic status of dentists, which appears to be similar to physicians.[@bib17] To control such a potentially confounding factor, we adopted internists as the reference population for SMR calculation and found significantly increased SMRs (1.13, 6.62, and 1.66, respectively) for overall causes, drowning, and heart diseases ([Table 2](#tbl2){ref-type="table"}). After adjusting for additional risk factors through the construction of a Cox proportional hazard model, the dentists still showed a higher hazard ratio of 1.17 (95% CI = 1.01--1.37) in comparison with internists ([Table 3](#tbl3){ref-type="table"}), indicating a consistent trend. In other words, the younger average age of the deceased dentists than that of the deceased internists might be partially attributed to their premature mortality after adjustment for age, gender, and other risk factors.

The elevated SMRs of dentists in Taiwan were found in terms of heart diseases, including ischemic heart diseases and hypertension, which corroborate the hypothesis of increased stress proposed by some investigators.[@bib9], [@bib11], [@bib18], [@bib19] Different from reports on other countries,[@bib20], [@bib21] dentists in Taiwan demonstrated similar SMRs (1.45, 95% CI = 0.58--2.99) for suicide compared with internists. Our study also found five dentists who died of drowning and a higher cause-specific SMR (6.62, 95% CI = 2.15--15.45) for dentists compared with internists. Deaths by drowning are generally suspected of being suicides. As a sensitivity analysis, we reclassified all nontraffic-related deaths, including drowning deaths, as suicides; however, the SMR did not significantly increase. Thus, we tentatively conclude the possibility of miscoding or misclassifying suicides as accidental injuries as unlikely. Based on our qualitative enquiry, many dentists pursue fishing as a hobby, especially in the ocean surrounding Taiwan. The unexpected tides and weather conditions might partially explain the increased SMR of drowning by dentists, and careful precautions should be taken to reduce this risk.

There are several limitations of this study. First, the exact dates of obtaining the dentist license were absent for 410 out of 11,700 members. Most of these participants were very old and began their practices before 1985. We determined the time spent practicing dentistry from the date of obtaining the license through December 31, 2009 or the date of death or termination of membership. For those with incomplete information on the date or month of obtaining the license, we assumed the date to be July 1 of the year the dentist turned 24 years of age because most dentists graduate from dental schools around this time. Thus, we might have slightly overestimated the time spent practicing dentistry, which could result in the underestimation of the risk of mortality. But, this assumption might not affect the overall conclusion. Second, because the follow-up periods of two cohorts of dentists and internists were different, namely 1985--2009 and 1990--2006, respectively, this raises concerns regarding comparability and potential bias. However, because there were no catastrophic events (such as an epidemic of severe acute respiratory syndrome or earthquakes larger than 6.0--7.0 on the Richter magnitude scale, etc.) in Taiwan during both periods, the likelihood of potential bias may be minimal. Third, the analyses did not incorporate information regarding the levels of the clinics and hospitals being practiced. Thus, we had to assume that it might be a random effect that only lead to underestimation or had a null effect.

In conclusion, Taiwanese dentists demonstrated significantly elevated SMRs for overall causes of death, drowning, and heart diseases (particularly ischemic heart diseases and hypertension) compared with internists, and careful precautions should be taken to reduce these trends. Future studies are also needed for in-depth exploration of the mechanisms that affect how professional stress contributes to these increased mortality risks in Taiwanese dentists.

The authors wish to thank the Taiwan Dentist Association and Taiwan Medical Association for providing the original data and for their generous support of this investigation. The study was partially supported by a grant from the National Science Council of the Executive Yuan, Taiwan (no. NSC 99-2628-B-006-036-MY3).

[^1]: MN = malignant neoplasm.
